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Abstract: Nanoparticles are useful to improve the mass transfer rate. In this article, we have explored the potential of the 
nickel and hematite particles for the bio-hydrogen production increment. Batch fermentation test is used in the 
experimentations, and distillery wastewater is used as a feed for the process. During the batch fermentation test, the 
complex distillery wastewater served as a substrate. The current study's findings strongly suggest that adding Fe2O3 and 
NiO nanoparticles together improve hydrogen recovery from complex distillery effluent by 1.2–4.5 orders of magnitude 
as compared to use only nanoparticles. Ferredoxin, hydrogenase enzymes, oxidoreductase and ferredoxin are important 
for the increase in hydrogen production. 
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I.  INTRODUCTION 
he need for novel energy sources is increasing in the 
modern era. The use of non-renewable energy sources is 
declining over the globe. The use of hydrogen as an energy 
source is encouraged by various researchers. Hydrogen energy 
is considered a better energy option due to its clean nature. 
However, there is currently no sustainable supply of hydrogen 
to meet current demand
[1]
. Dark fermentation of wastewater is 
a mostly used method for hydrogen production. This method 
received a lot of attention because of the abundance of 
substrates and the potential to produce hydrogen energy.
[2]
. 
According to Central Pollution Control Board (CPCB, 2009–
2010), waste containing a high amount of carbohydrates is 
considered a complex waste. As a result, proper wastewater 
treatment is required before disposal. As a result of the 
abundance of biodegradable sugars in complex distillery 
wastewater, such as sucrose, glucose, xylose, and 
hemicelluloses,
[2]
 bio-hydrogen generation from wastewater 
can become a potential technique for long-term energy 
production and waste stabilization. 
 
The presence of numerous parameters, including iron and 
Nickel, in the hydrogenase, a major enzyme in hydrogen 
generation routes, suggests that these metals have a significant 
influence on enzyme-catalyzed reaction and microbial 
performance 
[3]
. Nanotechnology has recently attracted a lot of 
attention for its potential to improve process efficiency by 
increasing the important enzymes. An exhaustive literature 
search reveals that the use of iron and nickel nanoparticles to 
boost bio-hydrogen production from diverse pure carbon 
sources such as glucose, sucrose, and other sugars has been 
widely reported 
[4-10]
. However, it has received very little 
attention in terms of its relevance for improving bio-hydrogen 
production from actual industrial wastewater, resulting in grey 
regions for long-term hydrogen production from complicated 
wastewaters. Furthermore, a thorough review of the literature 
revealed that only one study focused on the use of iron 
nanoparticles to improve bio-hydrogen generation. Malik et al. 
[10]
 investigated the influence of iron oxide nanoparticles on 
bio hydrogen generation from distillery effluent, finding an 
HY of 1.97 mmol/g COD at a concentration of 50 mg/L, 
which was significantly lower than the theoretical maximum 
yield. Furthermore, despite their ability to improve 
hydrogenase activity, HY, and SHPR, which are favorable to 
hydrogen generation; Furthermore, a lack of clarity about the 
mechanism by which nanoparticles aid hydrogen recovery has 
T 
Journal of Indian Association for 
Environmental Management 
 
Journal homepage: www.http://op.niscair.res.in/index/php/JIAEM/index  
e-ISSN No.: 2582-4228 
 
Journal of Indian Association for Environmental Management                       Vol. 41, No. 4 (2021), 45-51 46 
produced grey regions, making the process difficult to 
comprehend and optimize. 
 
As a result, a novel attempt has been undertaken in the 
current work to investigate the application of Fe2O3 and NiO 
nanoparticles for improving bio-hydrogen generation from 
complex distillery effluent. This work also addresses the 
possibility of Fe2O3 + NiO nanoparticles co-addition for 
improving bio-hydrogen recovery. As a result, the current 
study has four objectives to improve understanding of bio-
hydrogen production from complex distillery wastewater: (1) 
the effect of NiO nanoparticles on the synthesis of bio-
hydrogen from complicated distillery effluent. (2) The effect 
of Fe2O3 nanoparticles on the synthesis of bio-hydrogen from 
complicated distillery wastewater. (3) The effect of adding 
Fe2O3 and NiO nanoparticles to complicated distillery 
wastewater on bio-hydrogen generation. (4) The mechanism of 
nanoparticle-mediated hydrogen generation processes 
regulation. 
 
Fe2O3 and NiO Nanoparticles XRD Analysis 
 
The Scherrer formula was used to calculate the average size 







. These nanoparticles generally had 
typical sizes of 23 nm and 33 nm, respectively. The cubic 
phase of nickel oxide nanoparticles (JCPDS card file number: 
4-0835) (Fig. 1A) and the rhombohedral phase of Fe2O3 
nanoparticles (JCPDS card No: 01-084-0307), respectively, 








. (Fig. 1B). 
 
 
Figure 1: (A) XRD pattern patterns of Nickel nanoparticles 
(B) XRD patterns of hematite nanoparticles 
[Reprinted from Gadhe, A., Sonawane, S. S., & Varma, M. N. 
(2015). Influence of nickel and hematite nanoparticle powder 
on the production of biohydrogen from complex distillery 
wastewater in batch fermentation. International Journal of 
Hydrogen Energy, 40(34), 10734-10743, with permission 
from Elsevier] 
 
Mechanism of Hydrogen Production Enhancement by 
Nickel and Hematite Nanoparticles 
 
Nickel oxide and hematite nanoparticles have proven their 
usefulness for bio-hydrogen production from complex 
wastewater. This increase in hydrogen production is due to the 
increase in the important enzymes for bio-hydrogen 
production. Figure 2 gives a detailed explanation of the 
hydrogen production due to the nanoparticle addition. 
 
The bio hydrogen production process can be divided into 
two categories based on the electron donor available at the 
terminal: (1) Nicotinamide adenine dinucleotide phosphate 
(NADPH)-based hydrogen production and (2) ferredoxin-
based hydrogen synthesis [14-17]. In NADPH based approach, 
NADPH is used as an important electron donor by the 
NADPH: ferredoxin oxidoreductase attached to hydrogenase, 
and this produce hydrogen. This mechanism is elaborated in 
Fig. 2 routes 1. And pyruvate: ferredoxin oxidoreductase 
reduces pyruvate to acetyl coA, resulting in a reduced form of 
ferredoxin that gives electrons to a hydrogenase for hydrogen 
generation (Fig. 2 Pathway 2). In comparison to [NiFe] 
hydrogenase, the [FeFe] hydrogenase enzyme is broadly 
dispersed throughout the diverse hydrogen-producing 
microorganisms [18-23]. Furthermore, [FeFe] hydrogenase 
has been shown to have significantly higher enzyme activity 
than [NiFe] hydrogenase [24-28]. This results in the increment 
in ferredoxin oxidoreductase activity due to the simultaneous 
addition of nickel oxide and hematite nanoparticles. Both the 
mechanisms are represented in Fig. 2 Pathway 1 and 2.  This 
simultaneous addition of both the nanoparticles increases the 
synergetic effects of a hydrogenase enzyme, owing to 
increased expression of route 1, route 2, and 3 (Fig. 2). 
 
 
Figure 2: Enhancement mechanism of hydrogen production 
using nickel and hematite nanoparticles. [Reprinted from 
Gadhe, A., Sonawane, S. S., & Varma, M. N. (2015).  
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Influence of nickel and hematite nanoparticle powder on the 
production of bio hydrogen from complex distillery 
wastewater in batch fermentation. International Journal of 
Hydrogen Energy, 40(34), 10734-10743, with permission 
from Elsevier] 
 
Effect of Hematite Nickel and Hematite Nanoparticles on 
Hydrogen Production 
 
The effects of iron oxide nanoparticles on hydrogen 
production from food wastewater were evaluated in the batch 
hydrogen production potential test, and the results are 
presented in Fig.3. In a batch hydrogen production potential 
test, the impacts of iron oxide nanoparticles on hydrogen 
generation from food wastewater were studied, and the 
findings are shown in Fig.3. During the batch test, a 
significant increase in hydrogen output (from 85 to 93 mL/g 
VS added) was seen at a lower iron oxide content (100 mg/L), 
reflecting a 9.4% relative improvement over control (Fig. 3A). 
This demonstrates that the iron oxide nanoparticle has a 
significant impact on hydrogen generation. From 100 to 400 
mg/L of iron oxide nanoparticles, hydrogen generation 
increases linearly proportional to the iron oxide nanoparticles 
loading. The complex food wastewater sample with an iron 
oxide loading of 400 mg/L had the greatest hydrogen output of 
133 ml/ g VSadded. It represents a 57 percent increase in 
hydrogen production. An activation of HPBs due to beneficial 
changes in nutritional media and higher activity of 
hydrogenase enzymes under optimum Fe2O3 nanoparticle 
loading (i.e. 400 mg/L) may be the outcome of an improved 
electron transfer rate. Furthermore, during the hydrogen 
generation potential test of food waste with varied loadings of 
iron oxide nanoparticles, one of the most essential functional 
parameters to evaluate the microbial reaction is the hydrogen 
production rate (R). In the current study, the hydrogen 
production rate increases as the iron oxide nanoparticle 
concentration increases in every hydrogen production potential 
tests of food waste samples with iron oxide nanoparticles. (See 
Figure 3B). Because of an increased hydrogenase activity due 
to an increased electron adsorption activity mediated by 
pragmatic surface effect experienced by iron oxide 
nanoparticles at lower iron oxide concentrations (100 mg/L), a 
notable increase in the hydrogen production rate from 2.6 to 
2.8 mL/h, representing a relative enhancement of 9.2 percent 
compared to control, was observed. The maximal hydrogen 
generation rate of roughly 4.2 mL/h, which is a 61 percent 
increase over the control, is attained with a food waste sample 
containing 400 mg Fe2O3/L. Because there was no significant 
increase in the hydrogen production rate when iron oxide 
nanoparticle concentration was increased from 400 to 500 
mg/L, the hydrogen production potential test of food waste 
with 400 mg Fe2O3/L was the best condition for maximum 
hydrogen production. The iron oxide nanoparticle boosts 
NADPH-ferredoxin oxidoreductase activity when used at the 
right concentration. Increased electron adsorption from NADH 
and terminal transfer to [FeFe] hydrogenase is the result of this 
increased activity. The quantum size process causes this 
transfer, which results in an increase in the ultimate hydrogen 
production rate during hydrogen production. When comparing 
a hydrogen production rate of 4.2 mL/h obtained at 400 mg 
Fe2O3/L to hydrogen production rates of 2.6, 2.8, 3.3, and 3.7 
mL/L obtained at 0, 100, 200, and 300 mg Fe2O3/L, it is clear 
that adding Fe2O3 nanoparticles increase the hydrogen 
production rates by about 1.1 to 1.6 times during the batch 
test. 
 
The quantities of both acids are directly related to the 
hydrogen yield, according to the metabolic profile of a liquid 
mixture (Fig. 1C). The maximum accumulation values of both 
acids, 29.29 mM for butyric acid and 63.28 mM for acetic 
acid, were found to be linked to the maximum hydrogen 
output of 133 mL/g VS added. For hydrogen generation, 
butyrate routes are critical. These routes are the primary cause 
of the increased HBu/HAc ratio, which is in the 1.5-2.1 range 
(Fig. 3D). Similarly, the increase in hydrogen production due 
to the addition of nickel nanoparticles is represented in figure 




Figure 3: Effect of hematite nanoparticles on the production 
of hydrogen. (A) Hydrogen yield (mmol/g COD) (B) 
Hydrogen production rate (C) Final HAc and HBu (mM) (D) 
Hbu/HAc [Reprinted from Gadhe, A., Sonawane, S. S., & 
Varma, M. N. (2015). Enhancement effect of hematite and 
nickel nanoparticles on biohydrogen production from dairy 
wastewater. International Journal of Hydrogen Energy, 40(13), 
4502-4511., with permission from Elsevier] 
 
 
Figure 4: Effect of nickel oxide nanoparticles on the 
production of hydrogen. (A) Hydrogen yield (mmol/g COD) 
(B) Hydrogen production rate (C) Final HAc and HBu (mM) 
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(D) Hbu/HAc. [Reprinted from Gadhe, A., Sonawane, S. S., & 
Varma, M. N. (2015). Enhancement effect of hematite and 
nickel nanoparticles on biohydrogen production from dairy 
wastewater. International Journal of Hydrogen Energy, 40(13), 
4502-4511., with permission from Elsevier] 
 
 
Figure 5: Effect of simultaneous addition of nickel and 
hematite nanoparticles on the production of hydrogen. (A) 
Hydrogen yield (mmol/g COD) (B) Hydrogen production rate 
(C) Final HAc and HBu (mM) (D) Hbu/HAc. [Reprinted from 
Gadhe, A., Sonawane, S. S., & Varma, M. N. (2015). 
Enhancement effect of hematite and nickel nanoparticles on 
biohydrogen production from dairy wastewater. International 
Journal of Hydrogen Energy, 40(13), 4502-4511., with 
permission from Elsevier] 
 
Parameters Influencing the Bio-hydrogen Production 
 
The synthesis of bio-hydrogen is influenced by various 
parameters like the types of feedstock, bioreactor design, feed 
hydrolysis, retention period, medium pH, pre-treatment 
procedures, and catalyst are some of the most critical 
elements. The generation of hydrogen can be considerably 
boosted by manipulating certain operating conditions. The 
following is a quick rundown of these factors. 
 
Feed Content Composition 
 
In the creation of bio-hydrogen, the type of substrate 
employed in the fermentation process is critical. The 
production of bio-hydrogen varies depending on the properties 
of food wastes generated from various sources. Carbohydrates, 
protein, starch, fat, cellulose, lipids, and other substances are 
common components of food waste 
[29-32]
. Microorganisms 
thrive in food wastes that include 95 percent volatile 
substances and 85 percent moisture. The synthesis of bio-
hydrogen from these constituents or combined compositions 




Han et al. used an enzymatic hydrolysis method to conduct 
fermentation processes of high carbohydrate content food 
waste and discovered that the process can yield 8 mmol h-1L-







Metal ions are required for bacteria to create enzymes such 
as hydrogenases for bio-hydrogen generation via fermentation. 
These metal ions are vital in the creation of microorganism 
enzymes 
[43-48]
. Metal ion concentration has been shown to 
affect the kinetics and enzymatic activities of microorganisms 
in several investigations 
[49-53]
. Iron is the most important 
nutrient for bacteria to manufacture enzymes out of all of 
these metal ions. When combined with sulfur, it also acts as a 
protein carrier. Excess metal ion concentrations, on the other 
hand, may stifle bio-hydrogen synthesis. Excess ions influence 
microorganism development, resulting in greater feed 
substrate consumption. The inhibitory rate is reduced when a 
high amount of feed is consumed, which enhances microbe 
production and metabolic activity 
[54-58]
. The microbial 
population is affected by iron ions, which affect the 
fermentation routes. As a result, the Fermentation process is 
heavily reliant on Fe-ions for bio-hydrogen productivity
 [27]
. 
When the hydrogenase enzyme is involved in the bio-
hydrogen synthesis, nickel (Ni) is another active element that 




Magnesium (Mg) is a cofactor in enzyme synthesis and is 
found in the cell membranes of most bacteria. It has a 
considerable impact on the microorganisms' enzymatic 
fermentation activities. 
 
Mg has been found to serve an activator role in enzymes 
that induce fermentative action to carry out feed substrate 
bioconversion metabolism 
[64-66]
. As a result, a significant 




II.  CONCLUSION 
In this article, we have discussed the recent advances in 
nanoparticle addition in wastewater streams and the recovery 
of bio-hydrogen production. Nanoparticles are useful to 
improve the mass transfer rate. In this article, we have 
explored the potential of the nickel and hematite particles for 
the bio-hydrogen production increment. Batch fermentation 
test is used in the experimentations, and distillery wastewater 
is used as a feed for the process. During the batch 
fermentation test, the complicated distillery wastewater served 
as a substrate. The current study's findings strongly suggest 
that adding Fe2O3 and NiO NP together improves hydrogen 
recovery from complicated distillery effluent by 1.2–4.5 
orders of magnitude as compared to using only nanoparticles. 
Ferredoxin, hydrogenase enzymes, oxidoreductase and 
ferredoxin are important for the increase in hydrogen 
production. 
III.  REFERENCES 
Gadhe, A., Sonawane, S. S., & Varma, M. N. (2014). 
Evaluation of ultrasonication as a treatment strategy for 
enhancement of biohydrogen production from complex 
distillery wastewater and process optimization. 
international journal of hydrogen energy, 39(19), 10041-
10050. 
Journal of Indian Association for Environmental Management                       Vol. 41, No. 4 (2021), 45-51 49 
Kamalaskar, L. B., Dhakephalkar, P. K., Meher, K. K., & 
Ranade, D. R. (2010). High biohydrogen yielding 
Clostridium sp. DMHC-10 isolated from sludge of 
distillery waste treatment plant. International journal of 
hydrogen energy, 35(19), 10639-10644. 
Malika, M., & Sonawane, S. S. (2021). Application of RSM 
and ANN for the prediction and optimization of thermal 
conductivity ratio of water based Fe2O3 coated SiC 
hybrid nanofluid. International Communications in Heat 
and Mass Transfer, 126, 105354. 
Landge, V. K., Sonawane, S. H., Sivakumar, M., Sonawane, S. 
S., Babu, G. U. B., & Boczkaj, G. (2021). S-scheme 
heterojunction Bi2O3-ZnO/Bentonite clay composite with 
enhanced photocatalytic performance. Sustainable Energy 
Technologies and Assessments, 45, 101194. 
Thakur, P., Kumar, N., & Sonawane, S. S. (2021). 
Enhancement of pool boiling performance using 
MWCNT based nanofluids: A sustainable method for the 
wastewater and incinerator heat recovery. Sustainable 
Energy Technologies and Assessments, 45, 101115. 
Karadag, D., & Puhakka, J. A. (2010). Enhancement of 
anaerobic hydrogen production by iron and 
nickel. International Journal of Hydrogen Energy, 35(16), 
8554-8560. 
Gadhe, A., Sonawane, S. S., & Varma, M. N. (2015). 
Enhancement effect of hematite and nickel nanoparticles 
on biohydrogen production from dairy 
wastewater. International Journal of Hydrogen 
Energy, 40(13), 4502-4511. 
Zhao, W., Zhao, J., Chen, G. D., Feng, R., Yang, J., Zhao, Y. 
F., ... & Zhang, Y. F. (2011). Anaerobic biohydrogen 
production by the mixed culture with mesoporous Fe3O4 
nanoparticles activation. In Advanced Materials 
Research (Vol. 306, pp. 1528-1531). Trans Tech 
Publications Ltd. 
Malika, M., & Sonawane, S. S. (2021). Statistical modelling 
for the Ultrasonic photodegradation of Rhodamine B dye 
using aqueous based Bi-metal doped TiO2 supported 
montmorillonite hybrid nanofluid via RSM. Sustainable 
Energy Technologies and Assessments, 44, 100980. 
Sheth, Y., Dharaskar, S., Khalid, M., & Sonawane, S. (2021). 
An environment friendly approach for heavy metal 
removal from industrial wastewater using chitosan based 
biosorbent: A review. Sustainable Energy Technologies 
and Assessments, 43, 100951. 
Parag Thakur, Shriram Sonawane, Numeric and experimental 
study of the car radiator performance, Journal of Indian 
chemical society, 2020 
Han, H., Cui, M., Wei, L., Yang, H., & Shen, J. (2011). 
Enhancement effect of hematite nanoparticles on 
fermentative hydrogen production. Bioresource 
technology, 102(17), 7903-7909. 
 
Mohanraj, S., Kodhaiyolii, S., Rengasamy, M., & Pugalenthi, 
V. (2014). Phytosynthesized iron oxide nanoparticles and 
ferrous iron on fermentative hydrogen production using 
Enterobacter cloacae: evaluation and comparison of the 
effects. International journal of hydrogen energy, 39(23), 
11920-11929. 
Beckers, L., Hiligsmann, S., Lambert, S. D., Heinrichs, B., & 
Thonart, P. (2013). Improving effect of metal and oxide 
nanoparticles encapsulated in porous silica on 
fermentative biohydrogen production by Clostridium 
butyricum. Bioresource technology, 133, 109-117. 
Vishal, R. &Shriram, S.& Shyam, S. (2018). Food 
fortification of soy protein isolate for human health. 
Research Journal of Chemistry and Environment. 22. 108-
115. 
Barman Ghanshyam, Sonawane Shriram S., Wasewar Kailas 
L, Rathod Ajit P., Sonawane Shirish H., Shimpi Navin G., 
Synthesis of CaSO4 nanoparticles and its effect on 
PA6/CaSO4 nanocomposite for investigation of thermal 
and viscoelastic properties, Research Journal of 
Chemistry and Environment, 21(11), 2017 
Barman Ghanshyam, Sonawane Shriram S, Wasewar Kailas 
L., Rathod Ajit P., Parate Vishal R, Sonawane Shirish H. 
Shimpi Navin G., Improvement in thermal stability, 
thermomechanical and oxygen permeability of PA6 by 
ODA modified Ca3(PO4)2 nanofiller, 21(6), 2016 
S S Sonawane, K L Wasewar, Barman Ghanshyam, Study on 
thermal and mechanical properties and crystallization 
behaviour of PA6, PVC and OMMT nanocomposites, 
Research journal of Chemistry and Environment, 20(10), 
2016 
Mullai, P., Yogeswari, M. K., & Sridevi, K. J. B. T. (2013). 
Optimisation and enhancement of biohydrogen 
production using nickel nanoparticles–A novel 
approach. Bioresource technology, 141, 212-219. 
Malik, S. N., Pugalenthi, V., Vaidya, A. N., Ghosh, P. C., & 
Mudliar, S. N. (2014). Kinetics of nano-catalysed dark 
fermentative hydrogen production from distillery 
wastewater. Energy Procedia, 54, 417-430. 
Darezereshki, E., Bakhtiari, F., Alizadeh, M., & Ranjbar, M. 
(2012). Direct thermal decomposition synthesis and 
characterization of hematite (α-Fe2O3) 
nanoparticles. Materials Science in Semiconductor 
Processing, 15(1), 91-97. 
Federation, W. E., & APH Association. (2005). Standard 
methods for the examination of water and 
wastewater. American Public Health Association 
(APHA): Washington, DC, USA. 
Dharmaraj, N., Prabu, P., Nagarajan, S., Kim, C. H., Park, J. 
H., & Kim, H. Y. (2006). Synthesis of nickel oxide 
nanoparticles using nickel acetate and poly (vinyl acetate) 
precursor. Materials Science and Engineering: B, 128(1-
3), 111-114. 
Journal of Indian Association for Environmental Management                       Vol. 41, No. 4 (2021), 45-51 50 
Hallenbeck, P. C. (2009). Fermentative hydrogen production: 
principles, progress, and prognosis. International Journal 
of Hydrogen Energy, 34(17), 7379-7389. 
Johnson, B. J., Algar, W. R., Malanoski, A. P., Ancona, M. G., 
& Medintz, I. L. (2014). Understanding enzymatic 
acceleration at nanoparticle interfaces: Approaches and 
challenges. Nano Today, 9(1), 102-131. 
Gadhe, A., Sonawane, S. S., & Varma, M. N. (2013). 
Optimization of conditions for hydrogen production from 
complex dairy wastewater by anaerobic sludge using 
desirability function approach. International Journal of 
Hydrogen Energy, 38(16), 6607-6617. 
Kim DH, Kim SH, Kim HW, Kim MS, Shin HS. Sewage 
sludge addition to food waste synergistically enhances 
hydrogen fermentation performance. Bioresour Technol 
2011;102:8501–6. 
Lee YW, Chung J. Bioproduction of hydrogen from food 
waste by pilot-scale combined hydrogen/methane 
fermentation. Int J Hydrog Energy 2010;35:11746–55. 
Siddiqui Z, Horan NJ, Salter M. Energy optimization from co-
digested waste using a two-phase process to generate 
hydrogen and methane. Int J Hydrog Energy 
2011;36:4792–9. 
Kargi F, Eren NS, Ozmichi S. Hydrogen production from 
cheese whey powder (CWP) solution by thermophilic 
dark fermentation. Int J Hydrog Energy 2012;37:2260–2. 
Han W, Yan Y, Shi Y, Gu J, Tang J, Zhao H. Biohydrogen 
production from enzymatic hydrolysis of food waste in 
batch and continuous systems. Sci Rep 2016;6:383–95. 
Rohit S. Khedkar, Shriram S. Sonawane, Kailas L. Wasewar, 
Heat Transfer Study on Concentric Tube Heat Exchanger 
Using Tio2–Water–Based Nanofluid, International 
Communications in Heat and Mass Transfer, 2014 
Rohit S. Khedkar, Shriram S. Sonawane, Kailas L. Wasewar, 
Effect of sonication time on Enhancement of effective 
thermal conductivity nano TiO2–water,ethelene glycol 
and paraffin oil nanofluids, Journal of Experimental 
Nanosciences, 10(4), 2013 
Rohit S. Khedkar, Shriram S. Sonawane, Kailas L. Wasewar, 
Synthesis of TiO2 –Water Nanofluids for Its Viscosity 
and Dispersion Stability Study, Journal of Nano Research, 
24, 2013 
Wang J, Wan W. Effect of Fe2+ concentration on fermentative 
hydrogen production by mixed cultures. Int J Hydrog 
Energy 2008;33:1215–20. 
Malika, M., & Sonawane, S. S. Low-frequency ultrasound 
assisted synthesis of an aqueous aluminium hydroxide 
decorated graphitic carbon nitride nanowires based hybrid 
nanofluid for the photocatalytic H2 production from 
Methylene blue dye. Sustainable Energy Technologies 
and Assessments, 44, 100979. 
Hakke, V., Sonawane, S., Anandan, S., Sonawane, S., & 
Ashokkumar, M. (2021). Process Intensification 
Approach Using Microreactors for Synthesizing 
Nanomaterials-A Critical Review. Nanomaterials, 11(1), 
98. 
Thakur, P., Sonawane, S., Potoroko, I., & Sonawane, S. H. 
(2020). Recent Advances in Ultrasound-Assisted 
Synthesis of Nano-Emulsions and their Industrial 
Applications. Current Pharmaceutical Biotechnology. 
Thakur, P. P., Khapane, T. S., & Sonawane, S. S. (2020). 
Comparative performance evaluation of fly ash-based 
hybrid nanofluids in microchannel-based direct 
absorption solar collector. Journal of Thermal Analysis 
and Calorimetry, 1-14. 
Alshiyab H, Kalil MS, Hamid AA, Yusoff WMW. Trace 
metal effect on hydrogen production using C. 
acetobutylicum. J Biol Sci 2008;8:1–9. 
Demirel B, Scherer P. Trace element requirements of 
agricultural biogas digesters during biological conversion 
of renewable biomass to methane. Biomass Bioenergy 
2011;35:992–8.  
Nishant Kumar, Shirish H. Sonawane, Shriram S Sonawane, 
Experimental study of thermal conductivity, heat transfer 
and friction factor of Al2O3 based nanofluids, 
International Communications in Heat and Mass Transfer, 
90, 2018 
Nishant Kumar , Nandkishor Urkude , Shriram S. Sonawane, 
Shirish H. Sonawane, Experimental study on pool boiling 
and Critical Heat Flux enhancement of metal oxides based 
nanofluids, International Communications in Heat and 
Mass Transfer, 96, 2018 
Shriram S Sonawane, Vijay Juwar, Optimization of conditions 
for an enhancement of thermal conductivity and 
minimization of viscosity of ethylene glycol based Fe3O4 
nanofluid, Applied Thermal Engineering, 109, 2016 
Şengor SS, Barua S, Gikas P, Ginn TR, Peyton B, Sani RK, 
Spycher NF. Influence of heavy metals on microbial 
growth kinetics including lag time: mathematical 
modeling and experimental verification. Environ Toxicol 
Chem 2009;28:2020–9. 
Yogeswari MK, Dharmalingam K, Ronald Ross P, Mullai P. 
Role of iron concentration on hydrogen production using 
confectionery wastewater. J Environ Eng 2015;142. 
[C4015017-6]. 
Hsieh PH, Lai YC, Chen KY, Hung CH. Explore the possible 
effect of TiO2 and magnetic hematite nanoparticle 
addition on biohydrogen production by Clostridium 
pasteurianu3m based on gene expression measurements. 
Int J Hydrog Energy 2016;41:21685–91. 
Antaram Sarve, Shriram S. Sonawane, Mahesh N. 
Varma, Response surface optimization and artificial 
neural network of biodiesel production from crude mahua 
oil under supercritical ethanol conditions using CO2 as a 
co-solvent, RSC Advances, 5, 2015 
Gadhe Abhijit, Sonawane Shriram and Varma Mahesh, 
Ultrasonic Pre-treatment for an enhancement of 
Journal of Indian Association for Environmental Management                       Vol. 41, No. 4 (2021), 45-51 51 
biohydrogen production from complex food waste, 
International journal of hydrogen energy, 39, 2014 
Gadhe Abhijit, Sonawane Shriram and Varma Mahesh, 
Kinetic analysis of biohydrogen production from complex 
dairy wastewater under optimized condition, International 
journal of hydrogen energy, 39, 2014 
Wang XJ, Ren NQ, Xiang WS, Guo WQ. Influence of gaseous 
end-products inhibition and nutrient limitations on the 
growth and hydrogen production by hydrogen-producing 
fermentative bacterial B49. Int J Hydrog Energy 
2007;32:748–54. 
Nishant Kumar, Shriram S Sonawane, Experimental study of 
Fe2 O3/water and Fe2O3/ethylene glycol nanofluid heat 
transfer enhancement in a shell and tube heat exchanger, 
International Communications in Heat and Mass Transfer, 
78, 2016 
S S Sonawane, R S Khedkar, K L Wasewar, Effect of 
Sonication time on enhancement of effective thermal 
conductivity of nano TiO2-Water, ethylene glycol and 
paraffin oil nanofluids and models comparisons, Journal 
of Experimental Nanoscience, 10(4), 2015 
Xu L, Ren N, Wang X, Jia Y. Biohydrogen production by 
Ethanoligenens harbinense B49: nutrient optimization. Int 
J Hydrog Energy 2008;33:6962–7.  
Mandal T, Mandal NK. Biomethanation of some waste 
materials with pure metallic magnesium catalyst: 
improved biogas yields. Energy Convers Manag 
1998;39:1177–9. 
Gadhe, A., Sonawane, S. S., & Varma, M. N. (2015). 
Influence of nickel and hematite nanoparticle powder on 
the production of biohydrogen from complex distillery 
wastewater in batch fermentation. International Journal of 
Hydrogen Energy, 40(34), 10734-10743. 
Gadhe, A., Sonawane, S. S., & Varma, M. N. (2015). 
Enhancement effect of hematite and nickel nanoparticles 
on biohydrogen production from dairy wastewater. 
International Journal of Hydrogen Energy, 40(13), 4502-
4511. 
Dinesh, G. K., Chauhan, R., & Chakma, S. (2018). Influence 
and strategies for enhanced biohydrogen production from 
food waste. Renewable and Sustainable Energy 
Reviews, 92, 807-822. 
Malika, M., & Sonawane, S. S. (2021). The sono-
photocatalytic performance of a novel water based Ti+ 4 
coated Al (OH) 3-MWCNT’s hybrid nanofluid for dye 
fragmentation. International Journal of Chemical Reactor 
Engineering. 
Malika, Shriram Sonawane, effect of nanoparticle mixed ratio 
on stability and thermo-physical properties of cuo-zno/ 
water-based hybrid nanofluid, Journal of Indian chemical 
society, 2020 
Khan, M., Mishra, S., Ratna, D., Sonawane, S., & Shimpi, N. 
G., Investigation of thermal and mechanical properties of 
styrene–butadiene rubber nanocomposites filled with 
SiO2–polystyrene core–shell nanoparticles. Journal of 
Composite Materials, 0021998319886618, 2019 
Charde, S. J., Sonawane, S. S., Sonawane, S. H., Shimpi N. 
G., Degradation Kinetics of Polycarbonate Composites: 
Kinetic Parameters and Artificial Neural Network. 
Chemical and Biochemical Engineering Quarterly, 32 (2), 
2018 
Antaram Sarve, Shriram S. Sonawane, Mahesh N. Varma, 
Ultrasound assisted biodiesel production from sesame oil 
using barium hydroxide as a heterogeneous catalyst: 
Comparative assessment of prediction abilities between 
RSM and ANN, Ultrasonics Sonochemistry, 26, 2015 
Antaram Sarve, Shriram S. Sonawane, Mahesh N. Varma, 
Optimization and Kinetic Studies on Biodiesel Production 
from Kusum (Schleichera triguga) Oil Using Response 
Surface Methodology, Journal of Oleo Science, 64(9), 
2015 
Sonawane, S. S., Thakur, P. P., & Paul, R. (2020). Study on 
visco-elastic properties enhancement of MWCNT based 
polypropylene nanocomposites. Materials Today: 
Proceedings, 29, 929-933. 
Bhusari Amol, A., Bidyut, M., Rathod Ajit, P., & Sonawane 
Shriram, S. (2020). Optimization involving chemistry, 
mechanism of esterification process of acetic acid using 
response surface methodology for the microcontroller 
based automated reactor with sulfonated carbon as 
catalyst. Research Journal of Chemistry and Environment, 
Vol, 24, 2. 
Sonawane, S., Thakur, P., & Paul, R. (2020). Study on thermal 
property enhancement of MWCNT based polypropylene 
(PP) nanocomposites. Materials Today: Proceedings. 
Malika, M., & Sonawane, S. S. (2019). Review on Application 
of nanofluid/Nano Particle as Water Disinfectant. Journal 
of Indian Association for Environmental Management 
(JIAEM), 39(1-4), 21-24. 
Thakur, P., & Sonawane, S. S. (2019). Application of 
Nanofluids in CO2 Capture and Extraction from Waste 
Water. Journal of Indian Association for Environmental 
Management (JIAEM), 39(1-4), 4-8. 
Navinchandra G. Shimpi, Mujahid Khan, Sharda 
Shirole, Shriram Sonawane, Process Optimization for the 
Synthesis of Silver (AgNPs), Iron Oxide (α-Fe2O3NPs) 
and Core-Shell (Ag-Fe2O3CNPs) Nanoparticles Using 
the Aqueous Extract of Alstonia, The Open Materials 
Science Journal, 12, (2018) 
 
 
 
 
 
